Abstract-A single-ended low noise amplifier (LNA) for a multi-standard (800 to 1000 MHz) mobile receiver that covers GSM and 3G respectively, has been designed and simulated in a 0.25 μm CMOS technology process. This LNA makes part of a larger system to cover GSM and 3G bands from 800 to 2100 MHz but this work only focuses on lower bands. The circuit topology is based on inductively degenerated common source (IDCS). Circuit simulations indicate a power gain of 12 dB, a noise figure of 0.7 dB with IIP3 and 1-dB compression point of 0.87 dBm and -2.7 dBm respectively. The current consumption for this circuit is 8.3 mA with voltage supply of 2.5V.
INTRODUCTION
Over the last decades, mobile communications has evolved from voice services to high data rate applications. Global Standard for Mobile (GSM900), Digital Communication System (DCS1800) and Personal Communication System (PCS1900) are the standards currently being used which provides voice services generally. However, Wide Code Division Multiple Access (WCDMA) system, also known as 3G or 3 rd Generation System is dramatically changing the way of communications being done from not just supports voice services but high data rate applications such as email, television, internet, etc. Therefore, advanced mobile systems are emerging that integrate of many standards, if not all into one system solution.
The radio frequency (RF) front-end (of mobile device) consists of several integrated components such as a Low Noise Amplifier (LNA), mixer, Voltage Controlled Oscillator (VCO) etc. These front-end circuits have to cover a large range of different carrier frequencies to satisfy the various standards. With respect to current solutions for multi-standard devices, multiple parallel LNA's and mixer's are used to suffice the various standards, e.g. Qualcomm and Texas Instruments (TI) use different LNA in parallel to support standards such as GSM900, DCS1800, PCS1900, 3G etc. [1] [2] . However this implementation is very area inefficient, costly and consumes high power. A better solution is to use a new design of LNA that cover all those standards in one single circuit.
This paper describes the design of a new LNA circuit for carrier frequency standards from 800 to 1000 MHz which covers several GSM and 3G standards respectively [3] . The topology used for LNA is inductively degenerated common source (IDCS).
II. REVIEW OF LNA TOPOLOGY
This section will highlight some of the topologies that are currently available in the research arena of LNA. Several approaches have been developed to attain a good design with some trade-offs among input matching, noise figure, gain and linearity.
There are number of different LNA topologies that have different merit and demerit. Among these topologies, inductive source degeneration which has always caught designer's eyes offers the possibility of achieving the best noise performance of any architecture [4] [5] . One of them is the LNA implemented by [6] and its topology is shown in Fig. 1 . This circuit is based on single-ended common-source topology with inductive source degeneration. However, this circuit needs large area and uses many bond wires and offchip components. Another approach is introduced in [7] and its topology is shown in Fig. 2 . This LNA has a single ended input and use mutual-coupled degeneration. It produces a promising result but with extra inductor means extra area needed for the design. In addition, it uses off-chip gate inductor, L g which means it's not fully integrated circuit. Fig. 1 . Inductive degeneration common source LNA as highlighted in [6] . Fig. 2 . Mutual-coupled degenerated LNA introduced in [7] .
In another example, the design is implemented using wellknown simulated annealing algorithm as described in [8] and its topology is shown in Fig. 3 . Unfortunately, this design is not fully integrated as its gate inductor, L g is placed off-chip. Thus, with all of these examples, it shows that there are several approaches that can be used to design LNA that produce a good results in terms of gain, noise figure, input matching and linearity with some trade-offs. In addition, interesting to notice that all of these circuits described are narrowband LNAs design which no longer suitable for the current need in mobile communications which requires a larger band to accommodate several standards for GSM and 3G in one terminal with full integration of active and passive components. New circuit is needed to suite a bandwidth of several hundreds MHz for GSM and 3G standards from 800 MHz to 2100 MHz. Fig. 3 . The inductively source degenerated LNA as described in [8] .
In the research work presented in this paper, the LNA design is specifically targeted for personal mobile communications standards from 800 to 1000 MHz that use IDCS as the topology. This topology was chosen because it provides good input matching and a low noise figure [4] . In addition, to the author's knowledge and from the available literature, the design introduced in this paper is believed to be the first new type of LNA design that is targeted for mobile communication specifically that supports several standards into one LNA. The subsequent section will present details of the design of the new IDCS LNA.
III. RATIONALE
The rationale behind this project is the reduction of number of LNAs required theoretically in multi-standard devices which is typically using one LNA for one standard in parallel form. Thus, better performance LNA with less number of components, lower power consumption, lower cost and less complexity is needed. To achieve such objective, new LNA is required to cover GSM and 3G standards. In this project, one LNA has been implemented that can support several GSM and 3G standards in low frequency regimes that range from 800 to 1000 MHz. That frequency range should cover GSM 850, GSM 900, UMTS 800 and UMTS 850 [1] [2] [3] . In order to achieve a good LNA design, work represented in [9] will be a guideline as it suggested a good LNA's characteristic such as gain, noise figure and linearity that should be achieved in order to get the required performance at RF system level.
IV. METHODOLOGY
The LNA is designed as a single-ended LNA based on an inductively degenerated common source [10] [11] . Several version of this circuit has been implemented. But to satisfy the specified characteristics as mentioned in earlier section, new approach has been used to implement such circuit. The device should satisfy the power-constrained noise figure (NF) condition in order to achieve low power and low noise with sufficient input-matching bandwidth [11] for specified bandwidth targeted for this project. Fig. 4 presents the schematic diagram of new IDCS LNA targeted to cover carrier frequency from 800 to 1000 MHz. This range of frequency includes the GSM and 3G standards: GSM 850, GSM 900, UMTS 800 and UMTS 850 as mentioned earlier. Thus, to accommodate a downlink frequency (mobile station) range from 869.2 to 959.8 MHz, a frequency centre of 0.9 GHz was chosen. The inputmatching bandwidth i.e., the frequency range that satisfies 20 log S 11 -10 dB was selected to be 0.2 GHz to accommodate any possible frequency variation [11] .
The input impedance Z in for the design of the circuit is based on 50 system using the following equation:
where L g is the gate inductor, L s is the source inductor, C gs is the gate-source capacitance and g m1 is the transconductance of input device M1. In this design, the focus is to use a lower number of active and passive components. Hence, in order to achieve that, there will be no output buffer as typically designed by others i.e. in [7] for output matching purposes and achieving extra gain for the circuit. So, for that, some compromise in gain should be acknowledged. With respect to input matching, it follows the theory highlighted by [11] which gives the normalized matching bandwidth that sets the upper limit of the total inductance of the inductors connected to the input transistor. This technique also set a lower inductance value thus reduces the size of the input inductor. To attain the flat and low NF over the chosen bandwidth based on the theory introduced, the size of transistor M1 and the inductances of L g and L s are set. Therefore, the cascode transistors M1 with M2 with L g and L s connected as in Fig. 4 set the input impedance and noisematching simultaneously. Transistor M2 is used for reducing the Miller effect. L d and C d function as tuned load. To add more freedom to the circuit in terms of gain control and get a good output matching with no output buffer, L 1 is added to the circuit in series with resistive load, R 1 .
V.
SIMULATION RESULTS The IDCS LNA is implemented using a 0.25 μm standard CMOS technology. The circuit has been optimised with the necessary components to achieve the specified characteristics. The simulation has been carried out using SpectreRF simulator from Cadence. Figures 5 to 9 illustrate the simulation results for the S-parameter, noise figure, third-order intercept point and 1 dB compression point (1-dB CP) respectively.
In Fig. 5 , the input reflection coefficient (S11) of the LNA achieved is -14 dB while output reflection coefficient (S22) is -34 dB at peak frequency. As shown in Fig. 5 , the input reflection coefficient remains under -10 dB which begins from 830 MHz and ends at 1.2 GHz. This yields almost twice the bandwidth acquired. It also indicates that the design for input impedance matching is acceptable and within expectation. The output reflection coefficient, S22 achieved is remains well under -10 dB and is more than the target which range from 700 MHz to 1.2 GHz. 6 presents the S21 or power gain achieved in the simulation. The illustration indicates a value of around 12 dB at peak and remains approximately at beyond 10 dB along the design bandwidth. Fig. 6 also shows the reverse isolation or S12. The attained value is about -52 dB and is believed to be a good reverse isolation as it exceeds the requirement which is typically -20 to -30 dB. 7 shows the noise figure of the LNA achieved in the simulation. It is reasonably flat over the band of interest and is about 0.7 dB at peak. This value is believed to be the lowest thus far achieved in the design of this new type (800 to 1000 MHz) of LNA based on the IDCS topology. On the contrary, this value might be higher if the LNA enters fabrication which might be due to the process variation, parasitic values or other abnormalities during fabrication. Also shown in that figure is the minimum noise figure (NF min ) which is a bit lower than the NF. Other important parameter for LNA is the linearity. To check for the linearity requirement, a two-tone test for thirdorder intercept point was performed on the LNA. The two tones were applied at frequencies of 900 MHz and 920 MHz respectively with equal power. The achieved third-order input intercept point or IIP3 is 0.87 dBm and is shown in Fig. 8 . This value achieved is typically an acceptable specification and represents the tradeoff between power consumption and linearity requirements. In other words, the design has been optimised to obtain the best IIP3 value with the intention to consume the least amount of current in the circuit. Another measurement for linearity is the 1-dB CP. As shown in Fig. 9 , the simulated 1-dB CP achieved is -2.7 dBm. Notice that the achieved value is typically an acceptable specification and is a tradeoff between power consumption and linearity requirements. Table I gives the summary performance of the LNA achieved in the simulation. It also shows some of the other research results which have been obtained recently. In comparison in term of power, the LNA presented in this paper consumes power consumption about 20.8 mW a bit less compared to [6] which is 24 mW, but unable to compete with the other two designs which are 13 and 19.8 mW respectively. This result is due to the trade-offs between the required linearity and power consumption. In term of the noise figure, the circuit designed has very low noise compared to others as showed in the table. It attains a noise figure of 0.7 dB while others range from 0.86 to 3.4 dB. The rest of the parameters are as shown in the table. 
I. CONCLUSION
A new single-ended LNA for a multi-standard mobile receiver in a low regimes frequency that range from 800 to 1000 MHz has been presented and discussed. The circuit topology together with some optimisation using extra necessary components in load tank shows better performance than several other topologies and meets the specification for multi-standard applications for personal mobile communications. The presented design was implemented using a 0.25 μm CMOS technology process. Simulation results show promising performance in terms of the noise figure, gain, input and output impedance matching. However the linearity of the system that represented by IIP3 and 1-dB compression point achieved is just typical. The enhancement of the linearity can be done by increasing the current consumption but such implementation increases the power consumption of the circuit. Thus, future work is currently being undertaken to improve the linearity of this circuit. Finally, this research work shows that the design of new LNA for low regimes frequency which cover several standards for GSM and 3G can be achieved using IDCS which is typically used for narrowband systems.
